INTRODUCTION
The L-and H-modes 1 are confinement states of a toroidal plasma, referring to states of low and high confinement, respectively. The transition from the L-to the H-mode is called the L-H transition. The T-mode is a transient, intermediate mode between the L-and H-mode, characterized by an oscillatory behavior. The L-H transition still lacks a first principle explanation. Modeling the L-H transition might contribute to a better understanding of the underlying mechanisms. 
THE 3-ODE L-H TRANSITION MODEL
We consider the minimal 3-ODE predator-prey type L-H transition model suggested by Kim and Diamond [2, 3] . The model ignores spatial dependencies. The dependent variables in the model are: the drift wave turbulence level E, the shear of the zonal flow V zf , and the gradient of the ion pressure N . The model can be formulated as
where a i , b i , c i , i = 1, 2, 3 are parameters and Q is the heating power.
Introducing new variables and time,
Here, µ i , i = 1, . . . , 5 are new parameters and σ is the rescaled heating power.
BIFURCATION ANALYSIS
The nullclines are
Stability of the equilibrium points:
L is a stable node when it is below N v . H is always a saddle (unstable). T is a focus point. Stability depends on the value of σ. QH is stable for σ > 1. 
THREE TRANSITION TYPES
The bifurcation diagram structure depends on µ i , i = 1, . . . , 5. By varying µ 2 and µ 3 the three different transition types are observed. 
DIMENSION REDUCTION WITH GSPT
Put µ 5 = 1 ε , where 0 < ε 1. u and v are slow variables, w is a fast variable. For ε > 0, but sufficiently small, solutions converge to the slow manifold,
The reduced system of the flow is found by taking the limit ε → 0:
The reduced system contains the same dynamics as the full system. 
CONCLUSION
Kim and Diamond's 3-ODE L-H transition model was investigated with bifurcation theory.
The model contains three types of transitions: an oscillating, a sharp with hysteresis, and a smooth transition. The system can be reduced to a 2-ODE system A spatio-temporal L-H transition model has been proposed by Miki et al. [4] .
